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Neutral density filter (ND filter) attenuates transmitted light in the visible 
spectral range. In a photographic system, when the brightness of an object is too 
high, light in a predetermined or more amounts may enter the photosensitive surface. 
In such case, an ND filter is often used to regulate the amount of light incident onto 
the photosensitive surface. It is necessary for the ND filter to have a uniform 
transmittance over the entire visible region. Also an antireflection characteristic is 
very important to the ND filter for preventing ghost flare.  Nowadays, the ND filter 
used in compact thin type digital camera, must be thinner and cheaper, and can be 
made into any shape easily, because the camera has a narrow set-in space. 
Traditional neutral density filters are often deposited on glass. They are too thick and 
too heavy, because glass can not be made very thin and can not be bend. The ND 
filter deposited on flexible substrate, present in this paper, not only has the same or 
even better photometric characteristics with the traditional one and is smaller, lighter 
and cheaper. So neutral density filters based on plastic sheet has a huge market.  
 The main contents of this paper are as follows: 
 (1) Using admittance diagram to analysis the optical characteristics of 
metal-dielectric multi-layer films, based on the metal-dielectric films theory, it’s the 
first time. The reasons for the growth of the reflectance of the ND filters are 
analyzed in detail. Then, two types of ND filters with flat transmittance and good 
antireflection characteristic, deposited on Polyethyleneterephthalate (PET) sheet, are 
presented creatively. The detailed design steps of them are given. The calculated 
results of their optical characteristics show that flat transmittance characteristics and 
good antireflection characteristics are obtained. At last, some more analyses are 
made for improving experiment results.  
 (2) Next, the two ND filters are formed using a new type of plasma sputtering 
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spectral range. And dielectric layers are formed of Ta2O5 or SiO2. The best 
conditions are obtained by changing the pressure, vacuum degree, the power of 
sputtering, to find their relationships with the optical characteristics and stress 
characteristics of metal-dielectric films. We successfully deposited the ND filters on 
PET, which designed above, by control the depositing rate and sedimentary error 
correction. The results prove that our designs can prevent the flexible substrate from 
wrinkling. Their spectrum characteristics are measured and their average reflectance 
in the wavelength range between 420 and 700nm are 1.5%, 0.61% respectively. Also 
they have good soundness and stability. In the end, we compare the ND filters we 
designed and the samples produced by Sumitomo. Our designs have better optical 
characteristics. 
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